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Abstract of JP1 1054847 

PROBLEM TO BE SOLVED: To prevent the dissociation 
of In in an InGaN growth layer and minimize the worsening 
of crystal Unity of a growth layer by sequentially forming the 
InGaN layer and an AlGaN layer at a particular substrate 
temperature, and by specifying the relations among the 
number of layers of AlGaN layers, thickness of each layer 
and A! composition ratio of each layer. 
SOLUTION: After the growth of an InGaN growth layer and 
an AlGaN indium dissociation prevention layer at a 
substrate temperature of 600 deg.C to 900 deg.C, when 
the substrate Is heated to temperature higher than or equal 
to 900 deg.C for the growth of GaN or the like, Ga atoms 
are evaporated from the AlGaN indium dissociation 
prevention layer. Because of this, the AlGaN Indium 
dissociation prevention layer becomes an AlGaN layer with 
the aluminum composition being greater than that prior to 
raising of the temperature, and this layer prevents the slip 
of In atoms. Here, the relations among the number of 
layers, thickness of each layer dl (i=1 ..... N), aluminum 

composition xi (i=1 N) of each layer of an Abe Ga1 -x N 

layer used as the indium dissociation prevention layer are 
so made so to satisfy the equation. 




Data supplied from the esp@cenef database - Patent Abstracts of Japan 



http://v3.espacenetcom/textdoc?DB=PAJ&IDX=JP1 1 054847 



2004/03/02 



cw>h*wmot cm < 12 > & §t # 1^ & $i (a) (ii)fctnaH&ra#ii 

1-54847 

(43)&BB ¥j£ll$K1999)2£26B 



(51)Inta' SfflJfB^ PI 

H0 1.S , 3/18. ..HOIS 3/18 

HO 1L '33/00 HOiL 33/00 C 



(21)ttiS$^ 


^S¥9-213273 


(7DHJEIA 


000004237 






















(72)»M# 










*]KIB§R£ET17#Hf S#S5tHc 














(72)SEW# 
























(74)«SA 


#S± £8f (*2«) 



(54) BSS1©£»] 



(57) 

[HUE] it«EWf£ffi-C' I n Ga N»*HWtfc«C 
U I nGaNS«0Sai4O»ft:S-a/jN|!lfci:if 

JBrtS^fiAl.G'a,., Njf'(Otfx*l) JMttft 

t S«i&8 6 0 0 TSJJIL 9 0 0 'CWT^ 

T£«&S6 0 0-Cfil±9 0 O-COTT—Jf £ fcliSifc 
jfcDAli Ga,.; NJg (0'gx§l.)I»U £ 

a^fc9oox3a±»ijHfc-f*. au oa Hl . Nig 

< O S x S 1 ) JfcOJfgcN , «JfbDH§ di ( i = • 
1 . • • . N) , &M^T/l'S^.WSfij£x i ( i = 
1 N ) li, 

tS'l ] 

/•I 




(2) 



1-54847 



imm i ] i n g a n m z-kttmw y a**n* 
timamn&gjjmTf) -> x , mm&rn 6 o o -cox 9 

. 0 0*CJJlT-CI n, Gai- X N Jg(0<xgl)£4- 
fc fe— Jf*0. -/IjfcfcfctSSJItf) i n , Ga H 
N Ji (OSxgl) Sr^-tSX^t, UElSta 
WiLXWRMSLbO 0*0^0:9 0 0OTTCA1, Ga 
,., Nl(o<xgi) fcilwSr<fcfc-JHrtr. -St 

^teHSt/SOA 1 , Ga,., NJi(OSxgl) 
-fSX^tk. ^i&g£9 0 0mBrtSXiIk$\ 
WIIWFCilwflK tfc**. IfflBAl, Ga,., 

Nf(O^xgl) <9®»N. ^-if^ilS di ( i . = ■ 
1. .'. . . N) . *JI<9T/l'S-^*lj£xi (i = 

i. . . . . mvmz. 
mi ] 

2[A]<X^<iO[Aj 

m&f&.-gJjmX-foiX. MBA 1 , G a,., N« ( 0 £ 

mm** a>mmizMtxmm*& z t turn t-t trntt 

[iiT*3S33 I nGaNJf^tfM^U^-MSSBteSii 

=f(omm^mx'h-oX. mm&m 6 o o mt9 o ox: 

OTTIn, Ga,., NJf < 0<xS 1 ) &f»5:< fc fc 
— Jf-£tf, — m&tt&mm<?>l n, Ga,., NJf (0 
£xg 1 ) *J(f«-r*XSfc » «rEXSk3t«LT»E 
&K6 0 0"CJiLL 9 0 OX:&.TXA \ , G a,., NJf 
(0<xSl) £4*5r<fcfc-JI£tr. -JItfcliitISc 
JlOA 1 , Ga,., NJf ( 0^x5 1 ) fcJRSW" *ig 

t . s^iassr 9 o omi:fc:-ri>x?ifc * « ioewr 

T*J»Sr<kfc>£*, *>o, flJIEAl., Ga,.,,NJf ( 0 
SxS 1) OJfl&N. S-JfOJSSd, ( i = 

1 N) , *JS<0T;l'5-'>Aiffl)£x i . ( i = 

1 N)^{C, 

[&2] 

2{A]<X^^io[A] 

& S HflWMfc $ ill. i fc 5: *#® fc f & V 

S&kfimVSyiX * MBA 1, Ga,., N|(Ogx§ 
1) #tt&aJf *>&£9, fiffiMWwOAl, G 
a,., NJ| ( OSxSl ) OTA'S^ASiJftftqHKW 



[tt#I5 ] g*&S3 £fclt4iB»<r>M-fb5f >J ?i>J&& 
^^Kat^STftoT, HE In, Ga,., NJf 

( 0 S *sS 1 ) ttfflttJKfclttbeiTfcft £ fc £8B 
fc-f SMflitfy ^A«SBfc3l??>Mfrai. 

t»*«6 3 g&Xfc . fffiB$«±tSffiiiiK6 0 0*C 
JiLh9 0 0X:filTT{ft*LfcI n,Ga,., NJf(0< 
xSl) £4»5r<fcfc-Jf^tr, HI*fcl*«Rltf)I 
n,Ga,., NJf (Ogxgl) fc s |J|£ I n, Ga 
,-, N*(0SxSl).fc»^T«WiaE6 0 0iCttJ: 
9 0 O'CJJiTTA 1 , Ga,., NJf ( 0 <x =S 1 >£4" 

fc fc-Jf*tN -Jf £/di?S8fcJf OA l , Ga,., 
NJf (OSxSl)£jfcRL*:&fc:a«i&g£ 9 0 0*0 
JSLbfcLTMWLfcAl, Ga,., NJf (0<xSl) 
fc£*U 15EA1, Ga,., N/i(0gx^l)oi 
&N, =g-Jf OJI3 d, ( i =1 , ,'. . , Nh «JfO 
T^5-->Affl^Xi (1=1. . . . . N)OHK:. 
[&3 3 

2[A]<1;^<1Q[A] 

*^T. liTlBAl, Ga,., Nf(0gxgl)*<M 
0/ia^$r9, 3&*o. WEWaJiOAl, Ga,., NJf 
( 0 S x £ 1 )£D7/k 5 ->> Affl^t^ifflA^^ffili 

(awjTimirt-4 i t swat -r-smwry 

[H*58 3 M^Jiei^TiBISwM-fk^'J^A^ 
3^-?TJ)^T. s?IBI n, Ga,., N® ( Ogxg 

i m i m*tz\±%>mx'bhz. t s-#stk-r &gjb? 

C^Joi^i^iSBJ3 

[00013 

C«SK>»-r6»»»iF] *SB5iii. HKIn, Ga 
,., N (0<xgl) X-&ZtiZ*¥m#m*&%:<bi> 

lm&ts. -M$>&mi®mm<7)i n, Ga,., n <o 

[000 23 ±iZH&£l n, Ga,., N ( 0<xS 

i ) x'mztih!m#mz&%< &«, ut*tr. 

SV^MtgcJfcOI n, Gaj,, N (OSxSl) £iTt 
[00033 

^x^;^di^-^^v^. Zfitztbi In, A 1 . 

, Ga,.,.,- N (OSxSl, Ogy^l, OSx + y 
g 1 ) T«$K4¥«f* (JHTB^y^Aa^W*) 



(3) 



^IH 1 ! 1-54847 



[0004] as* s mwry ^Aat&ftj&jtettg o o 

In, Oa,., N (OSxSl) T&3*U¥&#:;BO 

fflaa-cfci. 6 o o*c*v*L9 o d'cs^ios^iaKTfT 

[000 5] <«*Wl>HlOI& nGaN 

(S. Nakamuraet A 1 ., Extended Abstracts of 
1996 International Conferences Solid State 
Devices and Materials, yokohama.1996, pp. 6 
7-69) . HI OtRHt. £*>Sfl#y>A*W— f 

(4. ( 1 1-2 o) ffi^ast-rs^r^r^Ki o 

l-Lfc. J5S3 0 0A (*^ho-A) ©7^K- 

r^Oflrfry *? Affii&j&ftA v y rfll l o 2 , 

fln£:rlJt/I£3;uiii ONiggfc#y«7A:3>'?? hJf 
1 0 3. mS&maZtlfzmZO. lum WNIIn 
o.06Ga 0 . 96 N^5-y^R&ihJil 04. ^SgtfSS&DSfi. 
fcJSSO. 4/iB»NfiAl,. f7 Ga l .„N^?-yFJB . 

i.05. asfc^sanisftfcisso. in* coNWM.it 

#VVJ*ft#4 HS10 6, J5S2 5A {JtyfXYu 
—A ) 0yTV F-^7V) I no. | Ga u NS*#FJit 
I5 5 0A (^>-^hn-A) <7)T>K— 7V)I n 
o. os G a 0 . 96 NBSiiS'^S 7 fmfi&SMrF&Fm 
JfiSttJi 10 7. -7^*i<"7A*<3an$<i^J|[S. 200 
A (^V^AhD-A) cDpSA 1 0 . t Ga 0 . B NJg6 
0 8. ^*^A*<SSJlJ$:rutS$ 6 . Ui (75p 

fflswtary*J06#-f fjii 09. ^*^«5rA#8afo 

SiUtJPS 0 . 4 /ii^plA lj. 0 7 G a 0 . 93 N?.§ •/ 
Op^M-fbiry^An^^hJil l 1, JL. y -Jr;U 

(mim) (m2Ji) ^sptii 1 2\ 

ffiil 0 7*}j:lXpSAl„. 2 Ga 0 .g NJ16 08iig 

9. pffiAlo.o7Ga 0 .93N?5y KJgl i0„ pffig 
*t#y ^ay^ Ml 1 Ui&K&Ml 0 2 0*CT 

[0006] «£*H2> Hi lttv t¥*<6l nGaN 

g-fb# u *>A^^3tr-f Ko«piiTffiii*$,2. (S; 

Nakaaura et Al. ,Jpn.J,Appi.phys.32(1993)L 

8) . hi ltcHwc; z<7i&mvvj*mmfey-i* 

-Htt, ( 0 0 0 i ) -■fcMfk?«-9 F ?r4 l flB(2 
0 1±£. *3 2 5QA (jj-yjrxhQ-AXor^H 

-r*>Hflyjry »7 Affiia®^\-.y 7 f * 1 0 2 . 



SSjD3*t^W?4^ii <55NSS-ft^y»7^3>^^H 

V 1 0 3 • m®<maZiirmz 2 00 A ( f 

n-A) <7)I n 0 . 2 Ga 0 . 8 N3&3KJB2 0 7 . 17*1' 

1 . &t)*t>%&PWM2 1 2. T/P5— '7&frt > %&N 
US 2 1 3*^E$ixT^S. I n 0 . s Ga, N$£ft 
Jl2O7feJ:^ryh'-r^AI 0 . J Ga 0 .8 N/f6 0 
8iiS«ia£8 0 0"CT\ pSg^y>7A3V^^h 
Sill \5gffi$M 102 O'CTJlftftSfcj'i . 

[00 0 7] 

TTC^itifc?#FlftijStt* 1 0 7*)j|SlfcM|*TUt: 
f£. PSHfltfTy ^Afttf'f h'/f 1 0 9 ZBtiLi-Ztitb 

tz&Ki 1 0 2 o-cs TM-m-zmt. &m&?#wm 
■ mtsim 107 y ^'^A^sii^-s ,r t twutt 

4fc«>(s. #*S^#Fffi^Stt* 1 0 7 1 0 tSBtH 

fc. ^SS^#^^ivStt^ 1 0 7(iSLx. ^ee^f 

#FHBKSttJll 0 7tRbafeiaS8 0 0*CT, Al 
0.2 Ga 0 . 8 Nm6 0 8t>m&£tl?\->&. L*>U I 
. n, Ga,., N (OSxSl) tAl„ Ga,., N (0 
<xSl ) W^SSt*«S=5:-5.^feei4,-r. $I*W1T- 
liAlo.j Gaj.e N>16 08^§t&<2 0 0 A {*y 

ttM l o 7 izinb o . ^aa^#F^3tvg1^ i07<o 

^Att<0»(bS<it,fe4>SiitV^. pSAlj.i 
Ga 0 . 8 NJg6 0 8OJI$^<. *fe<±. T)i>$.=.V 

[0008] 01 i C^StOfe. fi^O I ft GaNJiO 

Wb?4 HfeMv >TJ4. g«i&K8 0 0 'CT'tfO I n 
o.jGa 0 .8 N%ffl&2 0 7<rmmm'l'Ltz!&. pM 
McXW±a>*9+M\ 1 1 tftgfrlftftlsgft 
Srl02 0"CST-#ia^-S^(c. In 0 ., Ga 08 Nfg 
. *1 2 0 7 *<0-f y y*^*ifi?gi u . f^fH£M 9 

[0 00 9]#&BJtoig*jii, in, Ga,,, Nl((j 

&M^&%r^m^ftrz i n, Ga,., n^Ajicos- 
i > ^-#ri.§^y ^Ajs^fts^cp'^ 

S^iaKS*9 0 0'CUUii:-r^c:fc(cff^-jT . 
^^■•S.O£|ie±L. In, Ga,., Nl£gS 

( 0 £ x £ 1 ) Ojg&ttOlWfcfcS/jNlSte t t'AS i t 
?>T'#£ S In, Ga,:, Njfiftjf. ( O's x S 1 ') 
. tSSISIH. In, Ga,., N&gM ( 0 £ xg 1 ) £ 
®LT. Al, Ga,., N» (a«x^i ) *^<fc 



(4) 



WBBTl 1-54847 



4A1, Ga,., N-f^^AlMKSjMi (OSxS 
tt*tt*>AWI n, Gaj., Njfeft/g (OSx^l ) Sr 
[OOIO] C^i^^Hgafig^^feSrfflV^ 

[OOll] 

*m»0tiM&Ki5m& &mm.6 o o^cota o o 

-CCTTC I n k Ga,., Nm (Q<x£l ) fc^Sr < b 

( o s x g i > MMH-tm friBx^fcass lx 
^iajK6oo*ejsuL9oox;m"rt'A i, Ga,., n 
I (0<xsi) fe$ft<fc fc-S^tf . — Wifcli* 

KJfOAl, Ga,., NKO^xgDSMtSl 
St . £1£iaK£ 9 0 0*cm±^&XS& Sr . fffiBJfi 
/TCiKK fc fc**. MBA1, Ga!., NJI 
(0^xSl)<?5iaN y «:S<0J9:$di (i = 
1 N) . #]l0577fc$a , *.A|Bjfcx i ( i = 

l n ) nmiz. 

[0012] 
[»4] 

2[A]<]>><i<iO[A] 

I- 1 

[00 1 3] fciBHW^SfciifctljWfc'*"*. 
[00 14] Sfc. fflgAl< Ga w NJg (QgxS 

i ) &im<nmfrt>Tj: Y ). a**?, itgwiaA i , g 

a,., NS (QSx^l ) WTA'$^Ajfflj£#g«fflJ 
[0015] *JMBOHftyiTU *A3R»teJlH*8R»5r 

si*, s^iaffie q omt9 o o«wtc i «, Ga 

NJI (0<xSl) £^&<fet>— S-^tr.- -S* 
fcte«3&I<9 1 n, Ga,-i. NJS (OSxSl) fcJESjfc 
•T-SlSfc < fiiexSi:^LT^?a^6 0 QiCJjLh 
9 0 OTSfeiTTA 1, Gai., Nl( 0<xSl) £>J? 
*< bb-m$tt< -S4fet*@8t®OTA 1 , .Ga,., 
NKOSxSl) S^-TSISfe. g«iSg£9 0 

ItfffiA 1, Qa,., NJf (OSxS-1). COJfSt 
N. #Jf«OJI§di ( i = l, . . , , N) s S-JIcOT 
;WS:^.Wgj£xi (1 = 1, . . . j N) coiat:. 

[0016] 

[&5] 

l-l 

10 0 1 7 1 KZm&tfWfcZtlhZbimikth.. 



[0 0 18] *fetfH2Al, Ga,,, NJK.OSxS 

. i ) tfm<oM»a>teK>. no. mismm^A i, a 

a,., NJf (0«xSl) Or/P$:^AJ§U£**2*Klig 

frbmrntwrcmtt s - & swat* * . 

[0019] *9M40flMr!J 3S1S 
±fc , 1fflE*8Lb£S«&K6 0 0"CULt9 0 O'CMT 
Tjfc&Lfelia, Ga,., NJf (0<xSl ) £4>-&< 
tt>-a^tf. -JI£*:«±ig&JfOI n, Ga,., NJf 

(OSxil) fc v UfBI n, Ga,-, NS (OgxS' 

i ) izm^xmmBte o o*cfeLt9o cgot^a i 

, Ga,., NJH (0<xSl ) £4«ar<fci— M'ttt. 

-mztznmm<r>A i , g a, ., nji ( o g x ^ i > 

*J&JtUfettfzS&aAfr9 0 OXySLbteLT»*Lfc 
A I, Ga,., NJf (0<xSl ) fc£:frU MiBA 1 
, Ga,,, Nil (Ogxgl ) <7>J1&N % #JfOJiCSd 

i <i = l N) . #H^TA-$-T>.MIf£x 

i ( i = 1 N ) 

[0020] 

[»6] 

• 2[A]<2^<io[A] 
[0021] %&m&&ffit:ztiz z t twafe-r*. 

[0 022] ifc«rtBAl f Gaj., NI(0 = xg 

i ) ifimiomfrh**) . h*r>. m&mmv>A i x g 

a lM Nil (O^xgl) nT}V$-VA#m*mm 
[0023] 

±t3itSJW.(£^r©K$^ I n x Gai- a N® (0< 

n x Gaj-., NIfOSxgl) (ar. In, Ga 
i- x Njffifi* (O^x^l) ^S-f) cfO^f^^A 

fc. In, Ga lM NftftKpgxSDiOtaB 
«fc,-In x Ga^ x NJ**« (O^xgl )■ C3*U 

Jt!»OTi£ffl^fiKS<X&Al x Ga^ x NJ1(0< 
x^l) fc*fiK"fc^— Jf«r. ^Jfifcl«HWi«)A 
1. NJI(OSx^l) (JJIT, Al x Ga 

i- x N>f^^A»«56ih« .(osxsi ) fcEi-) t 
[0024 ] - a*.G a N^ft«4 1000 x;SBEfeLhO 

t±zt>izm& (i2QoxmmiiLt) u 

^*^TSS^6 0 0-Cl^Ub9 0 0-CJ^TTI n x G 
a^ x Nj£AJB (Qgx^-1) , Al x Ga H N>f y 
x^AJBBBRftjfcll (OSxil). fcjRftLfcftte. Ga 
NSE^fl^fefefc^t 9 0 QTystefeLfc*^ G 



(5) 



tv$S¥l 1-54847 



aiSFftfA 1 x G a,., N-f >l»>J*Mffl&m ( 0 =£ 
xSl) *»feJS3|f6« Mfcft, Al, Ga,., 
^^Affl^BSifcS (OSxgl) M*SfU 0 A 1 ffi 
fifca^^&oJtA 1, Ga,., NJf (0<x£l)fc 

gg?g<9tij£i±. Al,.Ga,. x N-f yi?trJ*ffim}jkm 

1 0 0 2 5 ] Z Z ftl8.Wz A 1 

<$rr>fcAl, Ga,., NJf ( 0<xS 1 ) Ji. ig^g 
BM^In, Ga,., Nj&gjf (OSxg 1 ) fcgft**: 
ft. I n, Ga,., Njfcftjg (OSxS 1 ) <Ofeftttt 

[0026] znm&&ff)mit<n^zm'm\ l zb £#> 

ZtMz^ GaJIf^ilCiorA 1 mL<V±% 
ofcAl, Ga,., N« (0<xSl ) OVC^^-^i: 
LTA1, Ga,., N^^^AfSSIISSihS (Ogxg 

1 ) tzmf&A 1 itiJgfcJIJIOSk^gg Lfc* A 1 , G 

a ,. x N>r >w M.mmm±m (osxsd^a i*§ 

• fltbMmtfl n, Ga,., NjJfilS (OSxgl)fl: 
•5-;i&fglP£PK.?>rt:i6. Al, Ga,., N4>^>>A 

mm)j±m < ogxgi > > <vmLtm-z*A isjs. 

0. 1. J?3*<2 5A (ty^ho-A) <OA1 0 ,, 
Ga 0 . s Ni(KfH) , AIMO. l.JS§j&*50 

a (t^xi-D-A) oa i 0 . , Ga 0 . 9 nm (tsm 

2) . A 1 f&&0 . 1, I§*fI00A (t^ho 
-A)(OA1 0 ., Ga„. 9 NJf(KAl) fc-fS3ffl! 

[002 7] UlT. In, Ga,., NjfcgJf (OSxS 
1 ) JffcjgbTBl£-f£A 1, Ga,-, N^y^Agf 

[00 28] S5fi 4 fe&fcfeaWlQKH&Qrai 
Svfflliyi&fciJ: 9 . Jg§3 3 0,uffl 0(11—20) 

®S:Spfc-r«-9-7T'fTS^ixi o its, fiibyy^ 

-MSgXit 7 rJI 1 0 2 •* T>Y-?<7)M.Z 1 ;um O 

afbtfy^-wis o i „ mmM(> sQ'CTT>Y-r 

OJ5ES3 0A (*>7Zhu-£.) cvi n 0 . 2 Ga 0;8 
Ng^ftFJlfcT^K-T^OJISgOA (^XKd 
-A)o^fc#'y ^MVJf 5J9tkQ#tt 

^Ffti&S 0 2 . T'i'l^T'OA 10. 1 G a 0 : 9 

N^r >¥^jtfmmfcm 5 03 s^ag 1 0 
5 0XXl^L7t& s . r^K-roJISO. Ivud 0 

'J -7 AJI 5 0 4 tmiS. LiZ< 
[0029] S6ii. mstz^tU&A I,;, 6a,., 
NJf5 0 3OJ?£#2 5A (^y^ h0 ^) 0 ^ 

1. B7i*Al 0 ,, Ga M NJI5 0 3OJg$#5 0A 
(^i^XhO-A) Ot£B2. 08te. Al 0 ., Ga 



«.9 NJf 5 0 3Oi??#*l 00 A (^^hn-A) 

jfcft3 2 5Nib' OHe-Cdl— f^EJltfi. 
[00 3 0] fi£fc0}e5Al o ,, Ga M N^6 0 8»±^ 
$20 OA (*mhD-A) . TVPS^-WHfi* . 
0. 2Tt,Ztf, Al, Ga,_, N-f yy»>AJJBH»jh. 

#JOA1 0 . 2 Ga M NJf6 0 8«t9'h£< 4 

I n G aN«c*X3;ft*k«tefcaa U\ 
[003 1] U&>U fflj3tfcJI3<StfI#2A (tf^T. 
hn-A) H«iaTt=ar*k. S«ij8^£GaI¥A« 
Al x Ga,., N-fy^APWaufcjf (Ogxg-1) 

•7A (A I N) LjWS^&VVitfK 4>lS*7J±<Ffflm: 

m±t& two smuzm^h^ . Ltitf-, Xf&.m-& 

A I, Ga,., N4>WJ>imKRi±M (OSxSl) 
OA lffifi£fc«3<7DH?)TISfi2A (sj-^xF-Q- 
A) <fc>3*£U.*:fc#33:U\ 
[0 0 3 2-] — 2u aSl-3ti*Ut> S6^$fL 
fcp L^.^^ h;L-<^(i<l±ipg(4 1 0 5meV s 07 (C^ 
S*Ufep'L*^?hA^Ml4«±8fif«teV . H8t 
TP^ilftp L^^7 1 2 OmeV T$> 

•sT. 07tCjt-Ma6fe«tt^5t^$^pLX^ 

[0 0 33] ^1-3©pL^ h/^ai^ifem* 1 
fef»4ilfc» AL,., Ga,., N^^if'yj^HftmjkM 

& p L^<i? h^^ffl^ig*' 1 2 OiiieV -gLKIilTT 

iSit^asuv Ai, Ga,.-, myi;vA.mm 
m±m (o&x£i) coa lftf&k mmtm&±£<% 

£fc. 7Fg%mt><i n, Ga,,, N^i^l ( OSxS 
l ) tcJni? 0 p Lx^? h/i^pffi^BtelNP^-^i.s 

CLt^S.. Lfc^oT, Al, Ga,,, M^^i 
^fl»jH^ (OSxSl) OJI;S tT;1^5^.'7AS^<0 
S^JJUi 1 OA tfyrxha-J*) i OW^^ife 

[0034] ^'^^^fiR&iLSi: LTffl 
V>SA 1, Ga,., NJf (OSxil) tf^itScN. «-Jf .. 
«0J5$ di ( i = 1 N) . gH&TJUt-*; 

Ais^Xi ( i = i n j <7>mm&\ m<v 

( 1 ) * - 

[00 3 5]. 
[»7] 



(6) 
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2[A]<2><i.<iO[A] 

(-1 

[0036] Zffitrrmvhtuif «fc n£ . 

[0 0 3 7] fcfc, 09£fcvvc. AlifiJi&O. 1 
•^•coeiS t LT 6 0 A .( irvfx Y n-A ) ffi&T p L 

rt-4HI£fI (meV ) i, /Js$ < & & ^J±^f 
^^'-7Ac7)|S^jtfc^S^O(£St Hi 2 OCT) 

[0038] *^B8«0^tt^JESr3afflt!tll 

[0039] imsffl i > si i (is $m<mmxw% u 

Br* & . a i k$h vc > «r eo^ttf y «wjrwf 
ta. ( 1 1-20) wzmmt i-t^-y r^rw&i o 

l±fc, J5S3 0QA (jj-y^xhn^) OT^H- 

10 3. S^^D^fl^JI? 0 . 1 Mm «NiIn 
0 . 06 Ga 0 . 96 N^7y^S&jh«l 04, S^*^D$iT. 
*£j?$0. 4jun <ONSAl 0 . 07 Ga 0 . 93 N:?5yK 
B10 5. %Rtfffihl8*l&Jf*0. Ijki' ONMM 
-fl^rU^.A^'-f FJil 0fcaWE«8.iu £«t&&8 0 
0-CT-JIS2 5A (^V^hD--^) <7)T>Y-T<r> 
In u Ga a . B Ng^#FJgfcJ££ 5 O A 
hD-A) OTVh'-rcOI n 0 . os Ga 0i95 N!tg^ 

b*h7fm^***#Fw&mm 107, 
^A^ayi.iiSitfeaEs 5 oa (*yy* no-a) <o 

PIA 1 o. , Ga„.j NJBl 0 8Wftft«Jh.«- 
WSM 1 0 2 Q^TT^*^*A*»aaBS*l*:«& 0 . 

1 fxa (Opmmftjfv ^j^wja m 109. 

5^ 1 7A36«JS6BS*LfcJ^S 0 . 4 /im c7)p^A l.„. 07 G 
a e .g8N^9*.FJi.l 1 0. •??*i'<}J*&mi!Z1v?Z 
m*0. 2um <r>p^M(J}^^ny99 MSI 1 
imH**<itv^4. p«iri2fcai. -«yir/i> 

IS) J3i:l*& («.2J|) *J8H. N«ffl 1 3tcfi, 

r^&, 

[0 04 0] WIW 1 »Cl*^T.It, Alo.i Ga 0 . 9 N 
Jl 1 0.8.cr>m% t LT5 0A ( h a— A ) £ < 

r/us ->7 a&js t. ur o . i z&mt i z.t &x 9 > 

Al 0 ., Ga 0>8 NJgl 0 8C<fc9#fiS^#F8§ji?£ 
IBS 1 0 7+0-4 ^y^JMMimBuki-S^ fc h . A 
1 0.1 Ga 0 . 9 N*l OSte±&&WM-mT*mi£m, 
M 1 0 7 <5DS B B HttCOS|ft;2;g/jN|Sfc 1 2:46 i> ■£ fc £W£ 
S-tbt. -5-.<03ti6v ^m\\iZ.m^fitiWf<ni nGa 



[0041] <££&S{RJ2»E2Ji. *56BH<7)I nGaN 

(000 1) Bi&affiH-tS^r'f TSS20 1± 
fer. ££25 OA (t>-nf-n-A) <OTfK— 7V5 
^fetf* U *7 AftMftriV 7t|102, g3S**8&to3 
titZ9& 4 n <D NSg-{E# 'j^ay^^Mio 
. 3*98j£$*U S«aK8 0 0'CT^Ig*^iiSix^Ji 
£200A (iry^XhtJ-A) (TJI n 0 .j Ga 0 . s N 
»W207 4 J1S25A (t"mhn-i) <OTy 
1 (,. 2 Ga,, 9 NJ12 0 8tmSt$tl. 

mmi o 2 ovx^r^i'VA.tfmfetitzpmmitef 

V7J*a>f?hmi 1 lMM«iit^&. p®BI2 
1 2£te!fe, N1^2 1 SWiTVl'S^^A^fflVi^tl 

[0042] »5ftglj2^V^«±. Alo.j Ga,., N 
Jg208OJ»§t L.T25A (*V^hD-A) 
r^S-^AiSjRtUtO, 2*'j*»f6itfcJ:»)» 
Alj.s Ga,., N@2 0 8tdJ:0 I ri 0 . 2 Ga,., N 

2 0 7 4>0-f y A<Dfi?8t£R&it1-6 C fc 
All., Ga,,, Nif208tC«tS I n 0 . , Ga 0 .„N 
2 0 7 0^^tt<7)^(|;5:S/jNl!5^ b fthhit* 

[0043] <£Jfc0»3>H3'<±. =|sf|Hg<7)I nGaN 
«1M U ^AJRt^^-f ofMHfcmBPC* * . H 3 1=» 

wt, awmberu^ijRw-iPtt, ( i i - 20) ® 

Sr^MftTS^r-f T4«l 0 l±fc, J|C$3 00A 

j&ia-v 7 fvi i o 2 v mmtmtiistitzmz 3 
oNSSflijyy ^3^7 hm 1 0 3 . im*<m6^ 

tltimZO. lum ONIIn,, 05 Ga 0 .3 5 M^-7 7 

^R&itJH 104. imtfmuZAnmz 0 . 4 /zm « 

NIA 1 0. 07 G a,. 93 9 r KJI 10 5. S##^JlO 
$iTJiJI$0. 1-jLtni nNWMn&fy*?ji.y&!f4 
1 0 6;5^StL. S«iS«8 0 O'er. 2 5 A 
(^XhD-Al^P^In,.., Ga,., 
KS&fflsm&g* 5 O A <7)Ty 
I n 0 . (J G a 0 . 9S - N«MJg*»4^S 7 Jf Hio# 
fii?-#Flfil?SttJS i 0 r^^^ii. 

o 2-oxrr^^*j^A#tsW9iU£ffs Soa . 

(^•y^bQ-A) «plAr§aNf3 0 8. 
^i"7A*ljSaB$*t^§ O. ltf* <?>pW i mft l 9fi) 
*7J*%3H HJS109, -7^>"7A*<^fiii$ft5t1|:$ 
0. 4*tB- <7)plA'l 0 , 07 Ga,. 93 N.7 7 7Hl'll 
0. V^^A^aSW^fl/itfSO-. 2 »u ffipM 



(7) 
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1 1 2i:ii > ~-v?!U (SI*), fcJ:i*fe <m2Ji) 
N«®1 1 3 (Hi. (BUS) &£VTJls$. 

CO 0 44] pSAlG.aNS3 0 8li-Hl-?*lS:5:!. 

g a Nil 3 o 8&miz?fi-tMmMmzm4 tZjfrt. 

H4fcJ^^T, piAlGaNI3 0 8.lt 7/^ 

VJ*WW$aZtit:mZ l oa (t^hn^-A) <op 
SA 1 o. oe G a 0 . 96 N«4 0 1 „ -?^*5«">Aj6flftlnS 
futJIS ioa (3j-y^xhn-A) opBa-i,. 076 
Ga 0 . 926 NJ14 0 2. T^*S^>A*»«anrS<UteJp# 
IOA (^/XhQ-A)^plAl ti , Ga 0 9 N 

1403, v^*^^a^n$^jp$ 10A(^ 
^.Xhn-A) crtpMA l 0 . ll5 Gao. 876 N-14 0 
4. -rfl^JitfminZtltimZl OA (SJ-^X> 
Q-A) <OpffiAlo.isGa 0 .85NJl4 0 5*^=3r6. 
[0 04 5] |(9tW3teiHva±, AIGaNf308 

-f*. *-ft.-F*U*81 OA (^^Hd-A) OT5J1 
tJ: 9fllfi£-$"£.r fcfcri 9, flfKAi GaNJi3 0 8t;: 
«fc 0 #S^f-#Ffffji?Sffif 1 0 7+O-f >^A<DjS? . 
m*V6±-r&Zbt. ffi&A !GaN)B3 0 8{:J:5^ 
MS^f #F*f3I*S&Jf 10 7 <DJSfi&<Ojg-ft:£&/lN|lt;: 
fcfc'to* ^-o^, HffiMl^$ 

*lfc**5fc> I n G a Nl^WI^i 0 «14Ji 

coo46] -bestsiw i a i vmmrn 3 tlafcogfl; 
say-fsr-m. ( 1 1-20) mtmmt-thw 

rA TWlLL^m^fiX^tK (0001) W*$k 

[ 0 0 4 7 ] a ^t. ±ehs6^i 1 ~3 ceaog-fb? 
y^ASftitaimi. <oooi)Bifci±<n.-:2 

09^{fM^^s«s.su{i:MgA 1 , o 4 muh 
&wmibffv*rj*3m$>&w± (000 1 ) ffifeitx 
(11-20) mMnwzmffitt*^? t * rwk 

[ 0 0 4 8 ] *»^osite{±±iaia6^^#*i 

[0 04 9] tfe, 4 yWJ*<Dfm*Wj±-t2>A 1, 
Ga,., NS (OSxSl) JJE£M0fl&J:l'9t 



[ 0 0 5 0 ] -f ^S^AWJWIIiRftiWfc'A 1 , 
Ga,., Nl (OSxSl)li T/US— ^AffljMJji 

EfflSt^ftTfiJirrs t><7)T^< 1 t>. astern 

tUtS'fEyiT'J'7AifiU--^<0#®©A] l Ga!., NJf 

(OfixSi) fclH^co^JtfeS, *)tSiSt092fcri) 

[00 5 1 ] tteA 1 0. 1 Ga,,, ■ Non GaN o 
n Al,., Ga,,, N on GaNOi^IB 
0)4 >iSVJ>fmmTl±&A 1 «j£2:ftV^ttL. 

6 0 0-CJy±9 0 OT^ToJHRW^TSWMBfc 
J*JtLT&mfJ:». 

[00 5 2] ^*J, *HSfiWr(±. In, Ga,., Nj£ 
ft* (OSxgl ) £:»&*££{££#**: Lfc%££ 

[00 5 3] 

HWIO»*]*«W±. in, Ga,., NJf (0<x 
^ 1 ) *^3r< k t-^-t-O, -JI£fcJ±«2Uf O I n 
, Ga,., N^ftS (OSxgl ) Sfi-fbjfy? 
X*ftWtc*tetrtvc. £«&£*<9 0 0X>m:£:$r-5 

I n, G a,., NfS&m ( 0 S x g 1 ) cr^^cr,mt 

[0054] tJtSatt^SVil n, Ga,., N^Jf 
( O'SxS 1 ) *&&X'%&tml'L*\ l m'&M%k'<r> 

[HI] mSmHt^^tlf^ nGaNftO 

[E2] ^f6W2{=^$fL3t» *^HJtr)i nGaNJgO 

[H3"J.«^M3^$<TJt, *^COI nGaNif^ 

[1)4] ll.7^S^*^og-fb{f y'>Ami>--r 

c^A i GaN-f y^M.mmn±m^m&mmt'h 

-£». 

[ H 5 ] t£$U — 3 0«B&BMafa> s . 

[06 ] SCR 1 Op LW h/UOSI^^W^ 

CS7 ] H£t2op l^^^ -h/uoaBasa^jj^- 

7Z-$>2>.. 

CS8] IS^30p h/UO-ffl^aSr^-^^ 
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[H9-]f»l~3fclWt*s Al ff .i Ga 0<9 111 

is*?j*immjkM<o&% t p v/w*m£.m> 1 1 2 
m&*7ii-tr?7Thh. . . 1.13 
1® 1 0 ] «awogts^fflv^cs^b{ru ^a^u— 2 0 1 

SfB5ffir®HT-fe&. ' 20 7 

[iii 1 ] m&>ms*m<< >fcg-fb? v >> a*^*^ 2 0 8 

x-wmmmmrhz,. 212 

MWOBMH 213 

101 (1 1-20) m$mt-th-*r?T4T£ffi. 30& 

102 mjtfv*j>ms&.&jx*/7tm 401 

NfflWbyy^Aai^Hl 402 

NSI no.o6Ga„. 9B N^7-y2?E&±JB 403 

NSAl 0i0V Ga, i9 3N?77Ki ' 404 

Nggfttf >J ^ A3fc#4 YM 4 0 5 

£fi£*#F?SttJf 5 0 1 

PIAI,., Ga M KM 50 2 

P SStttf 'J -> Aft;JM H« 5 0 3 

piAl,, 01 Ga,. M N?77 KJi 6 08 



1 0 3 
1 04. 
10 5 
106 
107 
108 
109 
1 1 0 



(000 1) mfc*BJk-r*ir:7:MTWK 
I.n 0 . 2 Ga u N|g£J| 
A. 1 0 . i G a 0 . 9 NJf 
&a»£>3r.S.p||8s 

pSAlGaNJS 
pSAl 0 . 0B Ga 0 . 96 NJI 
PSA1 0.575 Ga„, 9 j 8 NJ1 
PlA! 0 ,i Ga 0<9 NJg 
P^ A 1 0.125 G ao.875. Njf 
pSAlo.isGao.esNJS 

sfbsry^AJi 

A 1 o. i Ga,, 9 Nfli 
PIAI,.! Ga,., NJf 



in 



[02] 
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